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INTRODUCTION
In recent years interest has focused on the molecular
mechanisms responsible for excessive lipid deposition in hepatic
tissue during ethyl alcohol ingestion.

The suggested mechanisms

include increased peripheral mobilization with transport of fatty
acids to the liver (Reboucas and Isselbacher, 1961; Brodie, et al.,
1961), decreased hepatic lipoprotein formation and release
(Schapiro, et al., 1964), decreased lipid oxidation (Lieber and
Schmid, 1961; Poggi and Di Luzio, 1964), and increased hepatic
lipid synthesis in the liver (Malloy, 1957; Lieber, et al., 1959;
Lieber and Schmid, 1961).
At present, experimental evidence favors the contention that
increased hepatic lipid synthesis is the major factor responsible
for lipid infiltration (Lieber, 1967; Scheig and Isselbacher, 1965).
Ethanol is oxidized in the liver by the enzyme alcohol dehydrogenase,
and oxidized nicotinamide adenine dinucleotide is required for this
conversi:n (Mirone, 1965).

As the alcohol is oxidized, reduced

nicotinamide adenine dinucleotide levels increase in the hepatic
tissue (Ammon and Estler, 1967).

A soluble nicotinamide adenine

dinucleotide-linked enzyme is found in the liver and catalyzes the
conversion of dihydroxyacetonephosphate to alpha-glycerophosphate
(Baronowski, 1949).

Nikkila and Ojala (1963) have ret7orted a

striking increase in hepatic alpha-glycerophosphate levels after
alcohol ingestion.

Since alpha-alycerophosphate is a precursor in
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the formation of glycerides and phospholipids (Hornberg and Price,
1953), it seems reasonable to assume that in the liver alphaglycerophosphate is converted to lipid material.

Other less well

documented possibilities for increased lipid srithesis are, increased
secretion of catecholamines from the adrenal glands (Ammon and
Estler, 1967) and a high ratio of adenine monophosphate to adenine
triphosphate (Atkinson, 1965).

The latter possibility may be viewed

as resulting from the direct toxic effect of ethanol on the cellular
adenine triphosphate producing mechanisms, specifically Krebs Cycle
activity.

This toxic effect on the Krebs Cycle activates glycolytic

activity (Lundquist, 1966).

This is apparently an attempt by the

cell to relieve the low adenosine triphosphate levels caused by
inhibition of the Krebs Cycle.

In fact increased glycolytic

activity in the liver, further contributing to the buildup of
alpha-glycerophosphate, has been suggested as occurring during
alcohol consumption in mice, as cellular levels of adenine
monophosphate increase (Ammon and Estler, 1967).
It has been suggested (Rawat and Lundquist, 1968); Ya-Pin Lee
and Hardy, 1965) that administration of L-thyroxine to normal mice,
receiving alcohol solution as the only drinking fluid, may reduce
the alpha-glycerophosphate concentration in the cells by increasing
the alpha-glycerophosphate dehydrogenase activity.

Alpha-

glycerophosphate is an obligatory precursor in the synthesis of
glycerides and phospholipids (Kornberg and Price, 1953; Weiss and
Kennedy, 1956; Nikkila and Ojala, 1963; Kennedy, 1963).

The

reduction in the physiological concentration ef alphe-glycerophosphate
is apparentl

due to the increased activity (Rawat and Lundquist,

3
1968) of the alpha-glycerophosphate cycle of Bucher and Klingenberg
(1958) and Eastbrook and Sacktor (1958) as first illucidated in
insects.

Increased lipolysis due to increased levels of cyclic

3'-5'-A1P may also play some role in decreased lipid deposition
during L-thyroxine administration (Butcher, et al., 1965).

Although

the above evidence indicates that increased lipid deposition
during alcoholism may be prevented by administering [-thyroxine,
this point remains to be tested.
It has been reported that lipid infiltration during alcohol
administration is sex dependent (Horning, et al., 1967; Mirone,
1965), occurring more rapidly in the female.

Mirone (1965) has

reported an increase in fresh liver weight in male mice during
alcohol administration.

This study is concerned with variations

in fresh liver weight in female mice, during alcohol, and alcohol
plus L-thyroxine administration.
At present no data exist concerning total hepatic lipid
levels in mice receiving ethanol solution, and small physiological
doses of L-thyroxine for a period of several weeks.

In addition,

no data exist concerning possible effects on body weight, oxygen
consumption and fresh liver weights under these experimental
conditions in mice.
these points.
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This study has been designed to elucidate

MATERIALS AND METHODS
The experimental procedure described in this thesis consisted
of a quanitative lipid analysis, a standard measurement of oxygen
consumption, and determinations of fresh liver weight, and total
body weight.

The lipid analysis involved tissue extraction in a

Soxlet apparatus (Rawat and Roy, 1958).

The oxygen consumption

measurements were made using a small animal respirometer, and
fresh liver weights and total body weights were determined with an
Ainsworth-Type-10N analytical balance.
Seventy-two young female white mice of approximately the same
age were weighed and divided into six experimental groups of twelve
animals per group.

Three groups comprised a twenty-one day

experimental period and three groups a forty-nine day time period.
The animals were placed in metal, wire-bottom cages, three
per cage, and the environmental temperature maintained at approximately twenty-five degrees centigrade.
lab chow were provided ad libitum.

Drinking fluids and purina

0rr..1 experimental group received

15% ethanol, and the other experimental group received 15% ethanol
plus intraperitoneal injections of 100 micrograms of L-thyroxine
every seventh day (Rawat and Lundquist, 1968),
On the twenty-first and forty-ninth day of each period the
animals were weighed, and placed in a 480 cc glass jar made air
tight with a large rubber stopper.

The stopper was fitted with a

centigrade thermometer, and the proper apparatus for connecticn te
4
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a Phipps and Bird number 70-874 lever spirometer.

The spirometer

needle recorded oxygen consumption on a kymograph for a fifteenminute time period.

The glasg-thamber was covered with dark paper

during the time period and the measurement was made only after the
animal appeared to have become accustomed to the container.
After the oxygen consumption measurement each animal was
decapitated.

The liver was removed and placed in a small, pre-

weighed glass container with a snap-on polyethylene top.

The

container and contents were immediately weighed and fresh liver
weight determined.
The fresh livers of two animals were placed on a class plate
and diced with a razor blade.

The diced pieces of each set of two

animals were placed in a glass petri dish and dried for one hour
at fifty degrees centigrade (Rawat and Roy, 1958).

The petri

dishes were removed intermittently from the oven and the liver
slices were cut until pieces of approximately one cubic millimeter
resulted.

The dried tissue was then transferred to a dried and

pre-weighed aluminum foil container of approximately fifty by ten
millimeters.

The containers plus tissue were placed in a

desicator over phosphorus pentoxide and dried for about forty-eight
hours or until a constant weight was attained.
The thoroughly dried tissue was then transferred to a Whatman
single thickness extraction thimble (ten by fifty millimeters),
and the thimble was placed in a micro-extraction apparatus (Soxlet),
Corning Number 3860.

The extraction apparatus flask was dried for

twenty-four hours over phosphorus pentoxide and weighed before

;
4
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extraction.

The tissue was then extracted for thirty hours using

analytical grade petroleum ether (B.P. 300-600).
After extraction the flasks were placed on a hot plate and
the petroleum ether evaporated until about one milliliter of
solution remained.

The flasks were then placed in an oven at

fifty degrees centigrade and the ether evaporated until only
the lipid residue remained.

The extraction flasks were dried

in a desicator over phosphorus pentoxide until a constant weight
was attained (approximately twenty-four hours).

The total hepatic

lipid present was determined from initial and final weights of
the extraction flasks.

v

OBSERVATIONS AND RESULTS
The results of determinations of total hepajc lipid for a
twenty-one day experimental period are indicated in Table 1.
TABLE 1
TOTAL HEPATIC LIPID DETERMINATIONS (MG LIPID/GRAM DRY LIVER)
FOR EXPERIMENTAL GROUPS FOR THE TWENTY-ONE DAY TIME PERIOD

Experimental
Period (Days)

Control

Ethanol

Ethanol + L-Thyroxine

21

73.1+3.0

123.3+1.4

96.0+3.4

Number of
Determinations

4

4

4

Number of
Animals

8

8

8

The total lipid values in the ethanol group at twenty-one days
showed a statistically significant (p=.01) increase, when compared
to the controls.

The ethanol plus L-thyroxine injected group

showed a significant (p=.01) decrease as compared to the group
receiving only alcohol.

The ethanol plus [-thyroxine group was

significantly higher (p=.01) than the control group.
The total lipid results for a forty-nine day experimental
period are reported in Table 2.
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TABLE 2
TOTAL HEPATIC LIPID DETERMINATIONS (MG LIPID/GRAM DRY LIVER)
FOR EXPERIMENTAL GROUPS FOR A FORTY-NINE DAY TIME PERIOD

Experimental
Period (Days)

Control

Ethanol

Ethanol + L-Thyroxine

49

107.0+11.4

159.4+14.0

102.9+19.7

Number of
Determinations

4

4

6

Number of
Animals

8

8

12

The alcohol group exhibited a significantly higher hepatic lipid
level than the control or ethanol+L-thyroxinn groups.

The ethanol+

L-thyroxine-injected group showed an average below the control value.

Statistical analyses of the ethanol+L-thyroxine and control

values indicated that they are not significantly different.
The results of the - fresh liver weight study are summarized
in Table 3.

The results indicate that alcohol ingestion in the

female mouse resulted in a decrease in fresh liver weight, as com-

pared to the control. The group receiving ethanol+L-thyroxine
injections showed an increase in fresh liver weight compared to the
control.

These changes were more pronounced in the twenty-one

day group than in the forty-nine day group.

The twenty-one day

L-thyroxine+ethanol and ethanol groups were significantly different
at the level of P= .01.

The ethanol and control, and the ethanol+

L-thyroxine and control, were significantly different at the level
of P=.1 and P=.2 respectively.

The forty-nine day groups were
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not significantly different but a trend was evident in both time
periods.

TABLE 3
FRESH LIVER WEIGHT DETERMINATIONS (MG LIVER/GRAM BODY WEIGHT)
FOR EXPERIMENTAL GROUPS FOR THE TWENTY-ONE AND FORTY-NINE
DAY TIME PERIOD

Experimental
Period (Days)

Control

Ethanol

21

50.7+3.7

46.4+1.7

9

11

9

55.3+4.8

53.7+3.1

57.2+3.8

11

10

12

Number of
Animals
49
'umber of
Animals

Ethanol + L-Thyroxine
54.6+3

Results of oxygen consumption determinations for the twenty-one
day experimental group are indicated in Table 4.
TABLE 4
OXYGEN CONSUMPTION DETERMINATIONS (CC/GRAM BODY WEIGHT/FIFTEEN
MINUTES) FOR EXPERIMENTAL GROUPS FOR A TWENTY-ONE DAY TIME
PERIOD AT STANDARD CONDITIONS

Experimental
Period (Days)

Control

Ethanol

Ethanol + L-Thyroxine

21

.66+.01

.66+.02

.70+.02

Number of
Determinations

6

6

6

Number of Animals

6

6

6
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These results indicate a slight, but statistically significant
(p=.01) rise in the oxygen consumption of the L-thyroxine injected
group.

This increase, however, was only five percent above the

control group.

Oxygen consumption rates in the control and ethanol

groups are not statistically different (p=0.5).
Results of total body weight determinations are reported in
Table 5.

TABLE 5
TOTAL BODY WEIGHT DETERMINATIONS (GRAMS) FOR EXPERIMENTAL GROUPS
FOR THE TWENTY-ONE AND FORTY-NINE DAY TIME PERIODS

Experimental
Period (Days)

Control

Ethanol

Ethanol + L-Thyroxine

0

41.8+0.5

39.9+1.3

44.9+1.0

21

40.4+1.3

39.2+3,1

41.7+2.2

9

11

9

28.8+0.7

31.4+0.3

34.8+1.2

34.4+2

34.6+2.9

36.8+2.1

10

12

Number of
Animals

49
Number of
Animals

11

These results show that in the twenty-one day group the body weights
decreased significantly (p=.01) only in the ethanol+L-thyroxine
group.
During the forty-nine day time period, an average body weight
increase was noted.

This increase in weight was significant (p=.01)

in the control and ethanol groups.

The increase was not significant

(p=.5) in the ethanol+L-thyroxine group.

DISCUSSION
Any consideration of liver lipid metabolism relative to
L-thyroxine action, requires some understanding of the part the
liver plays in L-thyroxine transport and distribution.

It is also

necessary to relate any reversal of lipid deposition to the
general health of the experimental animals.

Total body weight,

and oxygen consumption were determined as an indication of the
toxicity of L-thyroxine, and alcohol, when administered
simultaneously.
The importance of the liver in the transport and distribution
of the thyroid hormone has been established by animal experiments
(Briggs, et al., 1953; Brown-Grant and Tata, 1961) and in studies
on human subjects (Hales and Dobyns, 1960; Friis, 1958).

The fact

that hepatic localization of L-thyroxine-T-131 after intravenous
injections is larger in the liver than in any other organ is well
documented in humans (Albert and Keating, 1949; Lennon, et J.
1961) as it is in rats (Hasen, et al., 1968).

In the rat nearly

one-third of the dose is taken up by the liver within one minute
(Albert and Keating, 1952).

Previous work (Cavalieri and Searle,

1966) has indicated that in man and in rodents the liver plays an
important role in the distribution of L-thyroxine.
Gorman etal. (1966) have shown that in the isolated perfused
rat liver a rap:d exchange of L-thyroxine occurs between plasma and
tissue.

It has been demonstrated that iliere is an enormous flow
12
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of L-thyroxine into and out of the liver.

This amounts to

approximately ten times the daily secretion rate (Webster, et al.,
It is apparent that the liver plays an important role in

1965).

the control mechanisms of L-thyroxine transport and distribution
(Zaninovich, et al., 1969).

The fact that ethanol is metabolized

in the liver and that some of the pathways involved in the production
of liver disease may also be controlled by L-thyroxine is of
considerable interest.

This relationship has prompted several

investigators to consider the L-thyroxine mechanisms involved during
alcoholism in experimental animals.

As stated previously, increased

activity of the alpha-glycerophosphate cycle of Bucher and
Klingenberg (1958) and Eastbrook and Sacktor (1958) during L-thyroxine
treatment suggests that the pathogenesis of lipid infiltration may
be prevented.

The possible mechanisms will be discussed later.

The results of total hepatic lipid determinations (Table
and Table 2) indicate that lipid infiltration may be partially or
almost totally prevented by adlinisterina L-thyroxine.

One might

propose, that as the experimental time period increases, the liver
lipid level approaches a control value, at least within the time
period tested.
The results of the fresh liver weight study, shown in Table 3,
suggest that a decrease in fresh liver weight occurs in the female
mouse during alcohol administration.

This is in contrast to an

increase of fresh liver weight reported in the male mouse (Mirone,
1965).

In the ethanol+L-thyroxine group the fresh weight average

value (mg live/gram body weioht) was higher than
weig:it in the control and ethanol groups.

sverage liver

This situation occurred
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in the twenty-one day and forty-nine day experimental periods.

It

may be that as far as fresh liver weight is concerned the male ind
the female differ in their response to alcohol (and possibly with
respect to L-thyroxine treatment, although this point has not been
tested in the male).

This may have some significance in v 4 ew of

the fact that the pathogenesis is sex dependent.
The results reported in Table 4 allow some estimation of the
increase in metabolic rate caused by weekly injections of one-hundred
micrograms of L-thyroxine.

Table 5 indicates the affect of the same

experimental treatment on body weight.

Though there is some

significant difference in the oxygen consumption and body weight
where L-thyroxine is administered, this difference is considered to
be minimal.
The object of these experiments was to attempt to prevent the
usual ethanol-induced fatty liver condition without upsetting general
body health.

The oxygen consumption and body weight studies were

undertaken as indices of general body health.
On the basis of a considerable amount of recent work, it appears
that, "Competition for compounds that occupy branch point positions in
metabolism is the cutting edge of metabolic regulation," (Hathaway and
Atkinson, 1965).

Alpha-glyceroohosphate occupys such a position.

Recently a relationship between [-thyroxine (injection in rats) and
alpha-glycerophosphate production in tissue culture, in an ethanol
medium, have been noted (Rawat and Luneguist, 1968).

It is proposed

that a decrease in alpha-glycerophosphate concentration in the liver
is a res!Ilt of increased mitochondrial alpha-glycerepnosphate
dehydrooenase activity.

In fact a twenty-fold increase in the
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activity of mitochondrial alpha-glycerophosphate dehydrogenase has
been reported (Ya-Pin Lee and Hardy, 1965).

This occurs when

L -thyroxine is administered intraperitoneally to normal rats.

This

enzyme is responsible for the conversion of alpha-glycerophosphate
to dihydroxyacetone-phosphate.

The schematic diagram in Figure 1

indicates with darkened arrows the pathway of increased activity
during L,thyroxine administration.
alpha-glycerophosphate

lipid

glucose
(glycogen)
dihydroxyacetone-phosphate
pyruvate
(lactate)
Fig. 1.--Pathway of increased activity of the Glycerophosphate
Cycle (Bucher and Klingenberg, 1958; Eastbrook and Sacktor, 1958),
due to L-tnyroxine.
Thus tissue culture evidence (Rawat and Lundquist, 1963)
indicates that administration of L-thyroxine to experimental animals
receiving fifteen percent ethyl alcohol (Mirone, 1965) as the only
drinking solution may in fact reduce the availability of alphaglycerophosphate for triglyceride synthesis.
It is known that in the synthesis of glycerides and phospholipids, alpha-glycerophosphate is an obligatory precursor (Kornberl
and Price, 1953; Kennedy, 1953; Weiss and Kennedy, 1956; Nikkila
and Cjala, 1963), and that efficient triglyceride synthesis cannot
take place until optimum physiological concentrations of alpha-

•

glycerophosphate have been reached (Porcellati, 1967).

The general

scheme for the synthesis of triglycerides is shown in Figure 2, and
the position of alpha-glycerophosphate in the series of reactions is
indicated (Porcellati, 1967).

Although the conversion of alpha-

glycerophosphate to triglycerides and phospholipids seems to be the
most reasonable fate for large quanities of hepatic alphaglycerophosphate formed during alcohol ingestion, other pathways are
possible.
7 MALONYL-00A+ACE+YL-00A+14 NADPH+14H+
PALMITATE+14 NADP+7CO2+8 COASH+6H20
PALMITATE+ATP+COA---6. PALMITYL-S-00A+AMP+PP
2 PAL1ITYL-S-00A+ALPHA-GLYCEROPHOSPHATE--40,
PHOSPHATIDIC ACID-r^COASH
PHOSPHATIDIC ACID---4`DIGLYCERIDE+PHOSPHATE
DIGLYCERIDE+PALMITYL-S-00A----06.TRIGLYCERIDE+COASH
Fig. 2.--Scheme for triglyceride synthesis.
The fact that L-thyroxine causes increased lipolysis in adipose
tissue is well documented (Butcher, et al., 1965).

This is apparently

a result of induction of adenyl cyclase (ADC) and inhibition of
phosphodiesterase (PDE) causing increased levels of 3'-5'-AMP (Senft,
1968).

This compound catalyzes the conversion of lipase from an

inactive to an active form.

The reaction involving (ACC) and (PDE)

is shown in Figure 3.
PDE
5'-AMP
Figure 3.
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Decreased biosynthesis and increased lipolysis may play a
role in the reversal of the lipid infiltration process during
alcohol and L-thyroxine administration.

Both responses are direct

in nature (Ya-Pin Lee, 1970; Butcher, et al., 1965); that is to say
that both responses are evident in tissue culture.

It seems

unlikely that other organ systems are affected, and that these in
turn elicit the response of increased lipolysis and dehydrogenase
activity.

This would appear to be true since the L-thyroxine in

liver tissue culture must act directly on the liver cells thus
producing the observed changes.

No other organ systems are present

in the culture.
In view of the indications of a direct actiu, of L-thyroxine
on the enzyme systems discussed, it is difficult to explain the
time period necessary for the total hepatic lipid level to reach
what appears to be a normal value. (An increase in total hepatic
lipid is evident in the ethanol+L-thyroxine group at twenty-one
days.) The most likely explanation is that this represents a
sampling error and not an actual delayed response to the action
of L-thyroxine.
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CONCLUSIONS
One may conclude that administration of small doses of
L-thyroxine to mice receiving fifteen percent ethanol for as long
as forty-nine days can prevent excessive lipid deposition and
sponsor increased lipolysis in the liver.

The prevention of

deposition can be accomplished with minimal increases in oxygen
consumption rate in the experimental animals.

In addition, the

L-thyroxine injections may possibly be more effective in preventing
deposition of lipid when used for longer periods of time.
It is postulated that the arrest of lipid deposition is due
to the effect of L-thyroxine on mitochondria' alpha-glycerophosphate
dehydrogenase activity and to increased cyclic 3'-5 1 -AMP
concentrations in the liver; the latter results in increase
lipolysis.

Further studies of alpha-glycerophosphate and cyclic

3'-5'-AMP concentrations in the liver are necessary to elucidate
the role of the alpha-glycerophosphate cycle and increased lipolysis
in the prevention of lipid infiltration.

4
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SUMMARY
The present study was designed to elucidate the effect of
L-thyroxine on lipid deposition in the liver during administration
of ethanol.

This objective was accomplished by the use of three

experimental groups of mice: one group received water as the only
drinking fluid, another group received fifteen percent ethanol,
and a third group received ethanol plus injections of L-thyroxine.
After experimental periods of twenty-one and forty-nine days the
animals were sacrificed and total hepatic lipid determinations
performed.
Experimental results indicated that the alcohol-induced
fatty liver condition may be prevented by administration of Lthyroxine.

This occurred with a minimal increase in oxygen

consumption rate.
A discussion of the mechanisms which may be responsible for
the prevention of lipid deposition during L-thyroxine administration
was included.
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